This work presents a system for magnetic field intensity measurements. The idea of measurements is based on an influence of external magnetic field on the polarization state of singlemode light propagating along optical fibers. In the paper some experimental results oftesting investigations ofthe system for measurements magnetic field of high intensity are presented. The final aim of the investigation outlined below is to work out magnetic field intensity sensors which, together with optical fiber temperature sensors and electric field intensity sensors, will make possible, in the future, to monitor fully operation of electromagnetic power units such as, for example, high voltage power transformers.
INTRODUCTION
The optical fiber magnetic field sensors are an interesting alternative for classical ones since they possess good insulating properties and can use optical fibers as electromagnetic-insensitive feeding conduits. However, this choice also possesses some disadvantages. The main problem with these type of sensors is their high susceptibility to mechanical vibration [1] . The successful solution of that problem will allow to carry easily into effect a project of using the optical fiber magnetic field sensors for various practical applications [2] . This article deals with an investigation of Faraday's effect in a few quartz fibers. The results obtained enable to make the magnetic field sensors based on optical fibers. The optical fibers applied for the measuring arrangement, which employs the Faraday's effect, are used not only as the good light wave conduits but also as the sensing components. Optoelectronic Department at Silesian University of Technology has from years conducted investigations to design and perform optical fiber sensors for various applications.
THEORETICAL REMARKS
The magnetic field can influence light propagation by changing the material properties, which are described by the dielectric constants. This influence modifies real or imaginary parts of these constants thus changing the refraction and absorption indices. In case ofthe Faraday's effect the magnetic field changes the real part ofthe dielectric constant tensor bringing about in this way an appearance of a circular birefringence [2, 3, 4] . For optically isotropic materials without birefringence and eigenabsorption, two rays with opposite circular polarisation propagating in the material are observed as a result ofthe Faraday's effect [3] . There is a difference between refraction indices un = n' -n' ofboth rays which, in turn, causes to arise some difference of phases zl v between the rays after having traveled by them a distance 1. This phase difference is equal to [3] :
where ?s i5 a value ofwavelength ofthe light wave in vacuum.
As a result of their interference there can be observed at the output a linear polarization being twisted through some angle related to the input polarisation. The twisting angle is equal to [3] :
Basing upon the theory of molecular optic [4, 5] where: V -Verdet material constant [rad/A}, H -magnetic field intensity, ® -an angle between the light wave vector and the magnetic field intensity one. The formula (3) shows that the Faraday's effect reaches its maximum when the angle between the magnetic field intensity vector H and the light wave vector is equal to zero (® 00), Since both vectors are reciprocally parallel, the effect is named a longitudinal one [5] . The next property of the Faraday's effect is its non-reversible. This non-reversibility consists in the absence of twisting reduction when the light propagation changes its direction through 1800 (e.g. after reflection). After reversing the light propagation direction the rotation of the polarization plane will be reverse, however the twisting angle, which has arisen before the light direction change, will be still increasing. It should be underlined, that the Faraday's effect non-reversibility will allow to multiply easily this effect and to achieve proper sensitivity [6] .
MEASURING POSITION
The Fig. 1 shows the set-up of the system for magnetic field measurements by using Faraday's effect in optical fibers. A light ray with wavelength 670 nm is emitted by a LD laser diode. The ray after passing by the GP Glan's polarizer enters into a fiber. The magnetosensing part ofthe fiber is wrapped on a special reel and put into the magnetic coil [6] .
As a magnetic field source an air-core coil is used. The coil is provided with a rectangular hole to place inside it a special reel with the fiber being tested. The coil is supplied with direct current of the range from 0 to 20 A. For current intensity of2O A an average ofmagnetic field intensity being calculated on the reel surface is about H iO Aim. The second end of the fiber is provided with selfoc type lens in order to collimate a light ray. The ray after passing the selfoc comes across the Wollaston's prism WP and is split into two rays, which have mutually orthogonal polarizations planes. These rays are detected by the PDs photodetectors . The photodetectors voltages are measured with a PC card, which is demanded by the system and mounted in the computer. The system works in Lab-View environment and the measurement processes are fully automated. Such an arrangement allows to determine the parameters which characterize the polarization state ellipse ofthe ray leaving the fiber being under investigation.
STATE OF POLARIZATION DETECTION METHODS
The aim ofpolarization analysis is to define the degree of polarization, type of polarization and parameters that define the state ofpolarization [1, 5, 6] . As far as the type ofpolarization is concerned there are three possibilities: linear, circular and elliptical polarization. In case of a linear polarization only the azimuth must be determined and in case of a circular polarization only the helicity must be determined. In case of an elliptical polarization one must determine the azimuth, angle of ellipticity and helicity. The authors of this paper have elaborated new method of the state of polarization determination. The method in [6] was presented in detail. In this paper the method was utilized to determining the azimuth a and a modulus of an ellipticity angle 11)1. Measured by photodetectors (PDs) values of voltage UPD1 and UPD2 are appropriately equal to parameters m and m ofthe ellipse ofpolarization that is shown on Fig.2 .
LD GP
In order to determine the state of polarization the measurement of values UpDI and UPD2 should be achieved twice. The first measurement should be done when the axis ofpolarizer overlap the axis of co-ordinate system The next step is to twist the polarizer and achieve the second measurement in order to obtain UD1 and u;D2 values. Drawing the line I that is tangent to ellipse of polarisation one could determine the ö-angle of investigated polarisation state, where the is the phase difference between two orthogonal, line polarized waves that come from break-up the elliptical polarized wave.
In [6] the means ofthe angles , a, o calculation for the fully ellipse ofpolarization determination.
RESULTS OF MEASUREMENTS
The elaborated method was applied to investigate the magnetooptic effects in step-index fibers, used in the system of magnetic field measurements. Various optical fibers were tested. The fibers, whose investigation results are presented in angle ofpolarization plane cx. The dependence between F and H is shown on Fig. 3 . The dependence between ui and H is shown on Fig. 4 6. CONCLUSIONS
The measurements show that the azimuth depends linearly on the magnetic field intensity. Therefore the linear functions were fitted to the measurement points at ['(H) a(H) plot. The fit was done using Gaussian iterative method. [6, 7] .
The high value of linear birefringence associated with optical fibers causes the dependence a(H) to be non-linear (for example when a fiber is wrapped on the shape of small radius). It should be emphasised that quartz fibers are very sensitive to changes of stress. This feature causes that a simple singlemode fiber may be not proper for the sensor application.
For the magnetic field sensors the new optical fibers were elaborated, based on magnetic glasses. The results of investigations the new sensors will be published. 62 Proc. of SPIE Vol. 5124
